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Si2e Heterogeneity of Salmonella typhimurium 
Lipopolysaccharides in Outer Membranes and Culture 
Supernatant Membrane Fragments 

ROBERT S MUNPQRD/* CATHERINE L. HALL.' and PaUL D. RICK^ 

DtpcrtHMiii of Itiumnl MiedUau and Dtpctrtn%eni of Mimbioiagy, Vnu/erMfy of Ttxas Health Science 
Center at DalloM, DoUom, Twxas 7S23S^ and Department of Microbu>kgy, Vnifo^med Services University of ■ 
ihe Httdth Sciences, B^tM^$da, Mt^Umd 20014* 

Enierobactermcetie fprowin; in liquid medin »hed frftgni«ntd of their out«r 
merabnukesB. These firascmenU, whieh m^y constituto a biolofically imporuitt 
fpm c^gnm^negadve bactehal endotoxin, ha^ 

pboapK^pida, and UpepolyaacehandaA (LPS). In this atudy we compared the 
sizes of LPS moieculea in shed membrane fragmenU and outer membransa from 
(^Ufl glowing Ld broth culturaa Uoing conditional mutanta ct SaimonelUi typfii' 
murium which incorporate specific msgkn into LPS» we analyzed radiolabeled 
IPS by aodium dcKiacyl aulfate-poiyacrylamide gel eJectropboreaift. This tech' 
m4ue,r«v«Aled thjit S, t^hittmrmm LPS are more heterogeu^^ufi than previouaiy 
known; molecules pooseasing from 0 to more than ^ 0-chain repeat uhita were 
identified in outer membt«n«&, aupematant fragmenta. and puhfied LPS. The size 
distributions of LPS moieculee in outer membranes and supenutant fragments 
were airailar, supeFTvatant fragments appeared to be slightly enriched in molecules 
with long O-polysecchftHde chains. Our results indicate th^t LPS molecules of 
many sizes are synthesized, translocated to outer membranes, and released into 
culture supemacants. Since the hydrophilic O-polysaccharides extend from bac» 
teriAl surfaces into th« aqueous environment, our findings suggest that the cell 
surface topography of this bacterium may be very irregular. We also speculate 
that heterogeneity in the degree of polytnenzetion of O-antigenic aide chains may 
influence the interactions of the toxic moiety of LPS (lipid A) with host constit- 
uents. 



As Etiurohacieriaceae cells grow in Uquid 
media, they release membrane fragments (blebs) 
which have been reported to contain lipopoty^ 
saccharides (LPS), phoapholipids, and proteins 
<30). Existing evidence suggests that these frag- 
ments a/e not nele&aed widomly from cell sur- 
faces. They seem to be shed at an early etage of 
outer membrane synthesis (1?) and to differ in 
protein compositiaQ from total outer membrane 
id, 29). The compoai^on of the blebe and . the 
mechanism by which they are released may thus 
provide class to the poorly understood process 
of outer membrane assembly. These membrane 
fragments may also be important for a ^uite 
different reason; it is poasible that they resemble 
the form in which toxic LPS (endotoxin) are 
released by gram«negative bacteria growing in 
vivo. There is no direct evidence to support this 
idea, yet it seems likely that culture supernatant 
LPS more closely approximate the chemical and 
physical properties of "natural'' endotoxin than 
do the LPS which are extracted from theee 



becterie by hot 46% phenol, tHchi<:>roacetic acid, 
or other standard methods (14). 

Other workers have examined the protein, 
LPSs and phospholipid compositions of super- 
netAAt membrane fragments of Escherichia eoU 
and Saimone/la spp. grown under conditions of 
restricted protein synthesis (12, 29} or using 
mutant strains which produce defective LPS (ft, 
12, 17, 29). The present study wss undertaken to 
coiDpare the LPS molecules in supernatant 
blebs and outer membranes isolated from the 
same cultures of growing Salmonella typhimu* 
rium. We used conditional mutants which incor- 
porate specific sugMB into their LPS. Intrinsi- 
cally lab^ed LPS were analyzed by sodium do- 
decyl sulfate-polyaarylaraide gel electropb resis 
(SbS-PAGE). a technique which separates LPS 
molecules having different polysaccharide con* 
tents (9K We found that the LPS made by these 
strains were unexpectedly heterogeneous in size, 
and we describe experiments in which this con- 
clusion was validated. The technique wa» then 



630 



Vol. 144. No. a 



71 

Iture 



taith Scitnew 
ft Unwergity of 



outer 
irtAnt 

d the 
from 

Mdd 

tech- 
i uflty 
wer« 
lease 
Dents , 
^uied 
lea of 
i into 
I bac- 
i« cell 
:ulate 
$ may 

>Q3tit' 



oroac«tici 



«ted from' 
lella typh 
tft which i 
LPS, 
by Bodium i 

separates] 
iccharid» 
made by I 

auch thk ( 
aque WM3 1 



Vol. 144. idSO 

used to compare the size distHbutions ct LPS 
molect&les in outer membraAea and culture bu* 
pernatant membrane fragments. 

MATKIUALd AND MJETHOOd 

fiactarial atraioa aaid media. Three •u«ins of 5.. 
typkimurutm were provided by M Oebom and H. 
C. 'Wu« University of Connecticut health CtaUr, Fir- 
mingtOD. jStrsm which is deficient in undine 
dipho8phate-salactoae^«epuriierase« iacofporatea |a* 
isctoee aimott excluaively into LPS (26); pdsctoee le 
preMiit in both the R-eore and 0-iid* chain in S. 
typhimurium (Fig. 1). Strain $L 1030 ia deficient in 
phoBphomjumaee leomerMe (28); exogenoue manncse 
is utilixMi lolely far 0-chtin tyt)th«eui in thia mutunt 
Strain SL S333 u deficient tn both uridine diphoe^^ 
phste-faiflctoee^^pimeraee end phosphemaoDoee 
iBomenwe. so that its Lf% may be labeled with both 
gftLictoee (in core and 0<hain) and aiMnnoee (in C- 
chain)- S. typhimuriunt PR 122 is a galE nag derivA* 
tire of S, typhimurium SV 453 ihdMFlM PpB2 
metA22 xyl-l strA20i P") whkh was iselat«l by P. 
Ricli by th» method of Wu and Wu W), TIm ^a/£ 
mutatioD was introduced by P22 traia«lucticiQ, using 
S, typhimurium C-30 a* th« donor. Jhu etrm does 
not utilue flucoaaminc for growth. In the abeence of 
exogenoua gakctoae, it incorpor«Ce» siucoaaaune into 
bpid A end into peptidoglycan: when ezogenous gaUc* 
tose ia preaect, glucoaamine may also be incorporated 
Lnto the R-core (Ptg. U, This mutant is tlao deficient 
in undine diphoaphat««galactoee-4-«pia)eraae, so that 
the H«core tnd 0<hain may be labeled with galactose 
ss desctibed above. Strain SL 1034, an 5H mutAot 
which ayntheau«« LPS that has a single O-chain repeat 
unit attached to the R<ore, was provided by H. Ni- 
kaido, Univenity of California. Berkeley. The identi- 
ties of these strains were coofumed by u«ng their 
sugar utilizabon patterns and aensitivitiea to Ll^S-spe- 
cific bactehophages. SalmcfuUa mwieao/a strains 
were provided by 0. Luderita. Preibuif, West Ger* 
many. Broth cultures of S, typhimurium were grown 
in proteoee peptone^ beef e«tract-0.5% N!aCl <PPBE> 
(26) contaiftizhg supplen^ents as dcacribed balow. 

Radiouotopea. cKI«*^:]niannose (59 mCi/mtnolK 
D-[2 'H]mannoae (14.1 Ct/mmol), and D^I-'HlgaUc- 
tose (U.2 Cl/mmol) were obtained from New England 
Nuclear Corp Boston, Masa. Macetyl-D-tl-'HklU' 
cosamine hydj«chlo?ide (11 Ci/mmol) and cK^-^- 
glvctMomm hydrochloride (ff7.d md/zzunol) were ob- 
tained from Amersham Corp.. Arlington Heighta, III 

LPS prepamtliML. Cells h«rve«t«d ia the Ulc log- 
fcrithnuc phase of growth were enracted with 4551 
phenol and putified aa previously described <21). LPS 
ftota S, minneaata R-core LPS mutants and fimm S, 
typhunwium l(S$4 were prepared by the method of 
Galanos at al. (6); the $. minneMa mutaaU were 
grown in lyjrpticase soy broth (BEL Miciobialagy 
Systems), 

LPS assay. A aolid*phaae radioimmunoaaaay for 
0-antigen was used (21). The atandard waa S. typhi- 
fnurium LPS pivparwd Crom ctrain 0-30 grown in 
PPBE containit^ 0.5 mM n-gaUctose. Ilus aaaay taea- 
sured LPS concentrations Ovar the range bvm OiUl 
U> 5.0 ^/ml 
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Pic, 1. 5aXmonel£a LPS $muturt. Thm structurt 
0/ fyphiMurium LPS i» §hotifn: mtrntripu indicm 
Om alrticUintn of thi S, mimtuaia R con mjuiMi 
UM^ for gnudiaU SOS PAGE (tttFi^.i). Al>e, A^e* 
^Moae; Mm» mnnnoar; Rka, rham8m$t; (3o^ galae- 
lose; OkNAc, S^tteeiyigiueoMomine: G4c, glucose; 
Hep, heptott; EDO, hutotUojcyoetenau. ThM S. min^ 
n«so<a mtttonl sAnoua iiaed and their phmutiypeM An 
partnth*mt^^wtryfasfbiioum:Beoaia^,&^mV,fU 
(Rei, n? mdj, €U^ (Rtf, PAe Ac oiuf Ad, 
muSatiU also ktdk a phtuphaU attcchtd tc htpcome 
(18). Whtn pttparwd from cMAu/ea grMtat^wiihaui 
ga2iKtQ90,LJP^frwS.^ypMmtiruunMirt^ 
3S^ and PR 122 huM an Rc atruetw^. Koch lipid A 
moiety eontaine twa moUcules irfgluammine. 

Growth exp«Hments« To label attain with 
radioactive galactoae, SCO ml of PPBE ooatainhsg t».l 
floM D«galactoae and l mCi of (fKlgalactose was in^ 
ocuiated with 2 ml of a growing culture of strain &*30 
cells. Cultum were ahakeo at IWrpm lA a 37^C waUr 
bath, and growth was xnonitored with a Coleman 
ior n •pectrophotomstat by meammng optical denaity 
at 540 nm (1.2Haaa light path; PeHdn-Ehner, Coleman 
Instnimeobi Div^ Oak Brook, BL). Calii wetv bar- 
vested after thrss to four geoemtiona of growth {op> 
tical density at 540 nm, 0.4), duQed rapidly in an iee 
water bath, and pelleted by. centxjftagatioo at 16,000 
X ^ for 6 mlo at 6"C. Appmxiauiicly 50% of the 
(*H}galaetoae waa incoirporatad into oella under theae 
ooadidona Subaequent steps in the preparation of 
mamhmaas and supernataot bU^ wars peKomed at 

iTo label strain SL 3533 with ladioactive mannoee 
and fslactoae, fiO ml of PPBK containing 100 ^Ci of 
CKkalactoee. 10 ^Ci of ['XJmannoae, 0.01 mM non- 
radioactive gala^oae. and 0.01 mM notuadioadivc 
mannnsr waa inoculated with 3 ml of a gtowing culture 
oifoelk Higher gaUctoot concentrations iohibitad the 
growth of this gtraia. Incorporation of msftnoaw into 
the eella after 3.5 generationa of growth wu 66%» and 
incorporation of gaiactoae waa 92%. 

Strain PR 122 was grown in PPBE ooataining 0.06 
mM o>glucoaamine hydrochloride. The celis ia 40 ml 
of medium were laboM with 300 ^Ci of N-acet^' 
[^Iglucooamine or U fid of [^Hl^I^ocosamine. When 
deaired, 0.0$ mM nonradioactive n>gaIactose was 
added to permit synthesifl of eomplel* LPS; labeling 
with [^Hlgalactoae was performed as deacribed above. 
Incofporacion of labelled glucosamine into ceils idW 
3^ gensmtiotks of growth was 40 to 60%. 

C^tar mambFaaa separation. Labeled cells were 
suspended in 2 ml of 25% sucrose in lo mM HEPES 
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(4-(2'hydro»y«lhylM. pipmziw rthAnouironk acid) 
buff«r [piH 7.4) conuininff 4 ^ of HNmm^ per ml uid 
4 >if of ONam per mL Aft«r diaruptioa in « Tnnch 
prtu u deocribed b> Jonet And Oibom OOh tli« 
PC«p4rttion was broufht to ajul concentrttiorw of 20% 
iUcroM and 5 mM EDTA m 10 mM HEPES. Th* 
Mmids vru then Uy«Rd onto a cushion of 609 aucro«« 
and eentrifti^ed «t 100,000 ^ for 3 to tt 6 to 8'C HI 
The meiabrane twnd* wer» recovered frnm the aucnwc 
cu«hioiv fMuapended in 10 oiM HEPES to n mettmm 
oonoentntion of 35 to Mk, imd Uyered onto o 30 la 
5S% mtexQte fradient UiUMnCriA^otion wta for ^ h 
«t 260.000 X ^ and 6 to 6*0. Fttetkms were eoUected 
. by puMturinc the bbttoaa of the tube, diluted 1:20 or 
more in diotilled vtCor. and te«Ced for pratein concvn- 
trttion by ibeoTbuw* at SdO hm <«rrected for ahiorb- 
«nce at 200 nm {31]). RadMWCtivity waa delemined 
by adding 2^ portiona of theov dilution to 5 ml of 
Aquaao] fNew Enffiand Huctoar Corp.) and oountinc 
id a Packard model 2425 liquid ecintiUation coonter 
(Packard Liatrumant Co., Ine^ Downera Orove. HL). 
NADH ondafte aetMty «u SMattured a» dMcn'bed by 
Odion) et aL (26) and waa v^ted tc prataia cToncen^ 
tvatwn. which waa detettnined by a taodific»tioD of 
the Lowty method ne>- 

Superrmtut LPS. For aaaayi of the LPS oonoen- 
tratioiu m culture aupematanta^ S mt of culture flaid 
was centrifuf^od at 12,000 x ^ for 10 min at 4*C, and 
the wjpemataiit waa Pfteentriftifed, The upper l ml 
wai removed for aaMy. TTiia procedural produced a 
reduction to vuble bacUrial oounu of &l6*'-fold and 
left fewer than 10* viable cella per ml in the supema- 
cant. TbiA nuiober of eeUa did not inteifere with ths 
radioimmunoaaaay. Par aixalyeea of the LPS in super- 
natant firtgmenta fma iaotoptcally labeled euitxim, H 
waa nee«aaary to eliminate reaklual cella frooi 40 to GO 
mi of aapertialont by fiitratKM (QAS^m fUur.fiybron/ 
Nalgi. Roeheater. NTJ. Cuituree of the filtrate ware 
irterfle. The ooneentration of LPS meaaur^ in the 
filtrate by.radioiaununoaaaay waa equal to that found 
in the oenttihiftd aupematant, indicaiinf that then 
wat no loaa of LPS onto the ^ter. Membrane fx^ 
menta oontaiaisf LPS were then precipiuted from the 
fiiltered aupercutant by addinir 1^ volumea of aatu- 
ratad i Mftmoniiim sulfite (final concentration, «%). 
This pitkcedure quantitativety removed LPS tna\ the 
eupematMst and allowed oomplete recovery of ra- 
dinonmun oaaaay actmty the piedpitatc. Tht 
mdpitataa were mpendad m aucnoee-HEPBS and 
U>*ered onto eucroee gradieou for ultraceotrifufAtlott 
in panBal with membrmne fractions aa deeehbed 
«bov«. 

SDS^ACR. PofyaoyUmkle (8%) Uit>e con- 
taininc 1% SDS w«r« prepared and nui by the method 
of Pairikanka et aL (5), aa modified by Jaiui et «L <9>. 
Samplea were aolubilised in difeation buffer (8) by 
h«atinc for 9 ooin at 100*C. After electrt^homia, 
were cut into 2.a^a elKee. digaetad with KtOt, 
and counted aa previoualy dacribed (20). Slab tela 
contained polyaoryiancttde (6 to 16.5% Unear jfradtent) 
and 0^% ht«h-molecuUr^weltht pol>-acrylam*de (no. 
2978a: BDH Cheskkala. Poole. Bn^^and); other re- 
acenta wore aa deeeribed by FaiiWu et aL (5h A gel 
overlay (5% polyaervtaaiide) waa addeH Tor loading the 
aanoplea. Slab gela were run at a coruunt current (10 
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mA) until the pyronin V dye juat reached the bottom 
of the %t\ (20 io 22 h>. Staining of geb with periodic 
add-SchUT reagent waa pcrfonned aa daachbed by 
Pairbanka et aL ((^ end fluorvifTaphy wa> by the 
method of Bonner and Leakey /3). 

RESULTS 

Outer ueabran« ptepikrmtioru We found 
that preliminary ctntrilugatioii in the pretence 
of EDTA reduced inner membrane emd nucleic 
acid coatanuoatioo of outer membrane prepa- 
ntXODB (4). laolatad outer membrAmw ham 
gtraia G-30 had an apparent bouyane deomty of 
1.22 to 1.25 g/ml, contained more than 65% of 
membrane [^]gtLicto»e, and wor« deficiMit in 
NADH OQdaae. an inmer membrane tnarker 
(Fig. 2). TheM finding are characteriBtic of 
outer membrmnes from 5. typfvmiurium (26). 
Similar raeulte were obtame4 with etraia SL 
3533 cella labeled with [Hlgalactoee azkl 
(*K;3mannoee; the galact^-mamkoee ratio 
constant throughout the gradient (dau not 
ahown). 

SDS-PAGE anaJyeie of LPS corasKiaitton. 

The baaia for thie a;^proech wae the obaervation 
^ ^'tfM? *^ migration d igtance of 

an Lrs in SOi^i^AGE ia dtrectfy relateJT c the 
percentye o/liDici A in the LPt? mQlecuE Tmen 
we atudiied t'H]galactose»labered SSidn G-30 
LPS by uaing the tube gel system of Jann et eJ, 
(9). we found three mfi^or peaka of activity (Fig, 
3A). We expected (from the work of Jann et aL) 




Fig. 1 Outer mmtran^ prtp^nuian, MMbtoAe9 
ttmrw prwpartd on^ eqporoOtif by aucroae gtytduffU 
uttriuxtunfu0otu>n oe dfenM in tfm imxt. The 
crosM-haUked boxtM mdieaU NADB oxidam aetdvi- 
f AC5 in fracticnM pooitd from (hi ptaks of pntUin 
CQncentratian; ben UulhaU 3t ttandofii deviation. 
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Pic. 3, TuU SDS-PAGE af f'HJgaUu:to$*^la 
beted uirain G^30, Th» Unp of Oue gtltM on the Uft 
The Roaum mmtrctU indkaU ifut thrtt major pmx^ 
of radioactivity 0cr the quanhtaiivt compari$ona de- 
scribed in tAe taxt. pcai^ III included fiiu:tion$ 21 
through 47). The arrow lAoMff <A« pymnin V dyt 
frxM, (B) Tube SaS-PAOE of ^HJi^thcto^e- and 
(*'CJm4mntm Mfi^str^3L TU^H and '*C 
count* per mimtie {corrected far background and 
cAortitW ^pili^em^ were normaiix/ed tg> iet the couniM 
in gei tUce IS (petA W tqual /.a RiUka tf^Hto ^^C 
u^tt calculated fitm the actual corrected counts per 
minute in each get elict. The ehort arrow indicAUe 
the dye from The absence of f^*CJtnanno$e (O) from 
the fasteet-migmting peak of /^Wgalacioae activity 
(•) indicaiea that this ptok contained only R^cort 
LPS (long arrouf), (C) Tub^ SDS PAGK of {^HJgO 
lactoae- and f^^CJgUcoeafnine labeled etrain PR 123. 
RadioQctwify meoMuremehtA Uftrt performed ae de- 
scribed above for fB). The arrou/ indicotee the dye 
front. The ^*C'labeled material at the origin (top) of 
the gei probably rtpttsents peptidagiycotu since pep- 
tidogfycan contains giucosomine and does not mi- 



that the faataat mi^attng LPS would be R-core- 
Upid A, but the radioacti-/ity profile in the gel 
was quite irregular, auggeeting that more th^n 
ne LPS apeciaa might be preaa&t. We then 
itudied Btxain SL 3513 labeled with both |;^]. 
galActoae ajnd ('^CJmannoee, Tube SDS^PAGE 
of double-labeled outer membranea (Fig. 3B> 
ahowed that the ratio of to increaeed with 
tncreaaing migntion diatAnce and that mannoae. 
waa not present in the fafltedit*migrating peak. 
Thia behavior would be expected if only core 
LPS were preaent in the faateet-ittigrattng peak, 
ance core LPScontaina galActoae but not pan- 
naae-CFU. 1). The o beeyved lapoa ofrf to^ ^*C 
a loni the gel are conaitteot with the addition of 



a ggpgat unit whid> contaiM mannose ap d aa> 

i only yatactoae. 



At the top (oHfia) of the gel* there was little 
variatiOD tc the mannoae-galactoae ratio. aixKe 
the long 0^d« chaina minixnized the coatribu- 
tion of the galaetoee-containing core, nnally, we 
Btudied the incorporatton of glucoaamioe and 
galactoae In strain PR 129L Tube gel analyvis of 
double«labeled outer membranea (Pig. BO 
ahowed that glucoaamioe waa preeeot pfin&arily 
in peak UI; since in coxpafa^Qo of ^jducoaamine 
Int o LPS ia independen t of Qw^Hflin ^f /igth^ , this 
obeerv a don Lndicat.ea that thia atrain preferen - 
dairyTaakea LPS mnt^ ii^ w^th ly^^t^vgjyahort 
d^ggl^The rado'^['H}galectoae to (^^u- 
cosamine (which providea an estimate of the 
E«tio of 0-chain phia R-core^o R*core plus lipid 
A) decreased with incxeasixXg' migradon distance 
along the gel. This finding again indicatea thAt 
r oiaration djatance in thia flystero ia iavcrae ly 



t ^S*d to ti*S polygflccharide con teni 

Y*keie resuita were~^conArm93rai7d extended 
by gndient alab SDSUPACE. Thia technique 
reaolved minnesota core LPS ino)eeul«» 
which differed in aize by only two to ihsise eec- 
chaiidee (Pig. 4 A) and demonatratadr a large 
aedtt of banda for LPS extracted from atrain 
30 cella grown in the preeence of galactoae. like 
tr>30 banda were present on gela stained with 
periodic aeid-SchifT reagent and cms flubro^ 
graphed geU and they were ohaarved with pur- 
ified LPS, outer membranea, and aupematant 
bleba. They did oot atain with the Coonoaaaie 
blue ^ain for protein. The faateat-migniting-G* 
30 band comigrated with Rc S. invwaeaota LPS; 
thia was not expected (galadoae-cootaining core 
ahotild be Ra or Rb [Fig. 1]^ and the expUnadon 
for thia reault ia not known. Differencea between 



gmU into SfyS-polyacryloisdde gels (319. SymbQle: 
f*Wgnlactoee; Q, [^^CJglucosamine. The rotio of 
*H to decreaged tdkth increasing migration dis- 
tance (see text}- 
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the prepar»tion« included the kind of growth 
Jn«diam and the method othPS «xu-acEion fsee 
above). The strain 0-30 h«nd« were generX 

itTn IL'^Ik*"'^ *^ populations. corT«ipond 
wg to tiw three pe^ observed with tube SDS- 

«»»d ["CJmannose (Fig. 5); only t/acef of 
noae were jireaent in the faatest-irtgrating band 
M previously noted in the tube «1 analysis 

tyK HJglucosamme ia the absence of exogenou* 
gaUcto«. «te,o« .11 of radioactivity ^ 
I^ared in « um^ie baad at the bottom of th^wT 

^ ^"rf" ^J**1'.*^ «• ^ I 

ana 2). A band df radioactivity also remained at 
the top of the gel. which is consistent with the 

<20).In. similar labeling eiperinSm^ 
the addiuoo of nonradjoaetive galactose aUowed 
the coinpletjon of the R-core and the synthesis 
of O^hwns. so that glucoawnine-labeled bands 
appeared wWch migrated more slowly than (he 
<ompleted R-core fFig. 6. lane 3). When the 
same statin was labeled with ('H]gai«ctose in. 
«^ of glucosamine (Fig. 6. tane 4.Uhe UbeCg 
pattern was identical to that found with the 
gai£ mui«nte ahown in Pig. 7. The findings with 
gprad^m SDS^PAGE a« thus consist«„f 3 
the tube gei results. In both gei systems, the 



dBtnbutlon of radjoactive glucosamine in Is- 
bel«l strain PR ,22 indi«t*d that m « cf the 
LPSjpolecu lgs made by this stndn hiif^^J 

cosamme ratios in pesJ» 1 ,nd U p^SfXr 

cu^ wjth Jong O-polysaccharide chains. 
The stability of the banding pattern to t«.o»~l 

rnemwithSDSatlOOXanWSof^t 
Coh«,vedmtube gel analysis medeituiikelT 
^H^i'^^^f* ^ -nifactUy gen^ 
! ^^^^^ HSfgatlon. We also obiffij 

remained at the top ffi in bS^S^t.™ 
Jdau not Shown) This obaervatiofp^JS™ 

"traction with hot 45% pheno)lFi?4A «d^ 
• t««men, which «le««s O-j^JyicdSide' 

0-ch«n .ubunitpolymerijatioft (ID.SincepoJ? 
d«te« u, 0-ch<un synthesis could account for th« 
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by thf periodic add- 
'70 in^/loAe): lanes 2 

Ra, Rb, Rc, R<t» <wt 
of polyacrylsmide in 

periodic acid-Sehiff 
prtpormion was om , 
PS txtnttted from c ' 
jit: lan€$ 3and4, 10 

glucosamine in la- 
3d that m St of the j 
^ main have short ^ 
y, the g«dacto^-^lu-'i 
A II provide f\uther j 
coittain LPS moI••^^ 
suride chains, 
ng pattern to twt-J 
d the ratios /^HtoJ 
r*siamade it unlikel: 
e artifactually ge 
. We also obtain^ 
I not represent 
/Dthetic intermedii 
accharide prtxiv 
PS (d, 21) cont 
yet thtt preparatiG 
in both gel ( 
•served on provide 
* migmtion 4u 
ipid A be preaed 
observ ed with 
^nt in UPS 
noKFi^. 4, 5, and! 
9 0-polysacc 
:h it is linked dv 
ion (11). Since polj 
n theaegelawitho 
likely that inter 
oald a«ownt for th3 



Bpec jee was core LPS. The re^ul^tfity of the 
banding pattern anH" the degree of reaolutaon 
demonatrsted in the com region made it likely 
that each band on the gradient gel Gontained 
LPS rooleculea whkh differed in size ^Drn those 



in gdj^cent banda by one O^chein repeat unit 
nh imunum SL 1Q34, a mutant which, attaches 



oiHy ottis 0-<hgin repyt imit to core TLk S. LPS 
etncted mm ^d34 ceOa produced only one 
band nf periodic acid-Schiff etain-poaitlve ma* 
teriai, which waa in e gel poation that corre- 
eponded to the poeition of LPS containing a 
single 0-chain repeat unit (Fig. Thufi, tt wis 
poeeible to determine from the bands b the 
gradient gels that tube gel peak III contained 
LPS with 0 to 16 repeat unite and to eatiroat^ 
(by eftrapolation) tb^tt the everage number f 
repeat unit^ in peak n LPS was 28 to 30. 

Although the evidence presented above eug- 
geete ecrongly that peak I caotainad LPS mole- 




preaent in peak 
mated accurately from our gels. The distnbudon 
of LPS into peaks I and Q was aoroewhat vari> 
able frocn experiaONHat to experiment^ even when 
the same medium and bacterial strain were used 
Multiple periodic acid-Schiff reagent-stained 
bands were also found i& LPS extracted from 
clinical isolates of 5. ^fphimurium (Pig. 4B), 
ScJmon^Uo typhis and E. coli (data not shown), 
indicating that LPg.ato heterogeneity is not 
lin ^ llfj \^ the conBitional mutants used tor tne ae 
QientB. 



Fzc. 5- SDSPAGEoMfyMofMirainSLSSSiSLPS 
IcbeUd with /*HJsaJlaciom and p^CJmannom. The 
orienuuicn of the gel 4M$ (he 9iune oa in Fi^g. 4. 7%i 
gei was cut iJU6 iwc parts; pert A wc4 ftuorographed 
(o deted and in the b^nd$, and port B W9e \ 
autorodiographed to detect "C on{y. Lcke% I and 4, 
Oiuer mesnbranet ofSL $S33 iabeied with f^NJgalac- 
tojie ond C^Cfmannofe oc deecribedin the text; lanee 
^ ^uiei 3, f^*CJm4Md$e'taheUdSL JOX LPS (phenol 
toaier extraet). Sote th^t onfy i^itjgftlactoee woe 
ptvaent in the faateet-migrating band (lone t). 

multiple bands obaerved with phenol- extncted 
prepare tiona. Finally, the multiple bands were 
&lso observed when strain G-30 cella were grown 
with [^H]galactoBe for one genera iion> foUowed 
by two generations of growth with a 20- fold 
excess (1 mM) of nonradioactive galACtose. Fail* 
ore of the bands to *'chaae" into LPS with longer 
0<^hains is again evidence that the banding pat* 
tern tepreee^ted completed LPS. 
As &hown above, the fastest -thigratLig iabeied 



e tparimen tp. 

9upft»«tant LPS» The release of LPS (O- 
antigen) into culture mipematante by S. typhi' 
murium O-30, aa meaeomd by radioiromunoaa- 
say, increaaed as the exogenoui galactoae con* 
centration increased over the range 0,05 to 0.6 
mM (Fig. 5). The small axnounts of 0-antigcn 
released by ceUa growing without added galac* 
toee may have been derived &om trace* of ga- 
lactoee present in PPBE j21) or from minor 
leakineea of the galE mutation in this strain. To 
aseure uniform incorporation of ['H}galactoee 
(praeeat at a concentration of 0.7 jiiM) whils 
aUowing accumulation of sufficient amounta of 
fmpernatajit LPS for aubaequent emlysda, a con- 
centration of nonradioactive galactoee of 0.1 mM 
waa Bibitraiily choaen for the labeling esperi* 
ments. Under these conditiona, aupematant LPS 
contained 0.6 to L4% of the radioactivity incor* 
porated into cells from the same culturea (four 
determination«). Similarly, atrain PR 122 cells 
were labeled with (*H]glucoaamin« in the pres- 
ence of O.oa mM nonradioactive D-glucoaamine 
and 0.08 mM o-gaiactoae. Supernatant LPS con- 
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12 3 4 

Fic. 6. Cr€4iicni SDS PACE of $rraifi M m 

rHJga£acU>$e. 7%* orUniaiion of the gui wa^ the 
9ame a» in Fig. 4 and 5. Lang } contain^ ouur 

ctwortowiff m thM abwiut of Bxaggiu>ii4 ffaiac^m; 
250,<m<:pm loaded, Lm 2 vorUaxyttd ZS,Q00 cf>m 
of Shs «a/nc ptitpartsiion. Lane 3 contcined StS^.qOO 
cpmofNacctyi^f^MJgkieot&^nM'i^UdouUrm^ip^ 
brmfrwntinun Pfii2S<tiUgrQu>A wi Umpr^$enct 
of (10$ mM nanraduwUiit D galacto^t, Lasu 4 con^ 

m4mbran€9 /KMn"«ir££ff groitm ut fAt prt^nct of ftOS 
mM nunj^ioaetiue »-gclactcm. Tht htaiy (w%d <tt 
iA< top c/^dA^ LS,ixnd3 mprtntnu talmted ptpti- 
doffycan. Jt% IA# o^*mcr of txogtnom gnlaetom 
{iamn 1 find jy, rvdioe^iiue gU<t^<imiM u*Q9 found 
in q tingle tn»nd a ^ntgraijcn pcSiJion eo/i.$iMeni 
with i/ud of He LPS (in ian^ the minor banda 
probcUify sy^fmisent larger LPS moUcuUs eynth^nided 
from iratcn af gaku:to»e in ih^ mtdiam). When ex 
ogerum grJaeto»e impnneiu, P-tott and O chains 
tuere syndheaiztd, and the distribad^fn of radioactii^ 
giucoi^amine rvfUKted the number c?/ moUtcuk* of 
^wh LPS tirt epttieB (lane 3): 'on^y tri%C9$ went 
prtmni in the ^pf>erpari9 of the gel carmsfionding to 



uixitd approximately O.S% of iK« radioactivitv 
incorporatad into cells. 

SucroM fTAdieDt ult^centiifugatioo of radio- 
Ubelcd 9ap«nMt4Wt LPS rev«*l«4 o 0ia^« p-ak 
of K activity. Thfl peak ifttiity varied ^ith 
dXorent p/^pamtitaae, pofidbJy b«CAua« of dif^ 
fefenc«a in the a^^f atioo of tZM^rnae firog. 
mcnto with mddia conrtitueata, but it waa n^ver 
mow thwi IJaO i/flttL 

CoxcjxAriMn of outer mmbfajme imd su<- 
p«raataixl LPS ocmjKMdtio&A. Since th atruc- 
turo of lipid A-R-cop» dota.aot V8uy with the 
addition of O-chftin s^speat uiut^ the artcat of 
Iflbalin^r of ttnOa PR 122 LPS with N tkcetyU 
[ Klgiucottamm* ahoukt prbvkk an fiatiniate of 
th« aumW of LPS inoi«cul»g to Micb tixc cat«* 
gory. A compaiiaoo «f the n^icmftUnt feag- 
mtut» and outiu- mainbruMi whicb wera radio* 
bkb^M with ^stoetyK*H]gh2oo«amiQ oot 
demoostrate a co&autant diihxmoo in th« dia- 
tribution of rajdioacttvity into peaka n and in 
(tub0 8DS-PAGE, Tahla 1>. It wna jwt potmhh 
to iD«aauro tfa« radioactivity incwpcMtat^d into 
peak 1 fo<»caua« of tha coatat&inatiosi of thia 
in outar isembrana' f ela with flue«»amim*la* 
belftd peptidoflycatt (Fiy. 3C);*nd;th« 
of counta in pc^ak 'II waa lew. TSiw» w« used 
atrairi labal^d witbf*Hligalactoo« fox a aim^ 
ilar analyria (Tabl« 2i\ Thla approttcb auggwcted 
that t yjpemifcaot 6iU^p«ate _wett? ali jghay nn- 
n cKj»d m the ajnouatatof r^ dloactivitv mcorpo^ 
r» tad into lOngAJ^a^ iJS Cp«a» I and II) 
reUova to anoit-u-cfiSh LPS (peak EEE). The 
clir^&ction of tho dilferanee wan cbistsEatent (in 
each of fkvt coK&poriaona, ffuptniacaast £rfl^<nietito 
had a ^ater parcentage of count* m peak I and 
n LPS; P 0,031 iimxg a oa».tajikd Wiiccxon 
aigned-rank taat). Howev«]>. the quantitatiye dif- 
fmnc«a wero «maU and variAbla (1.76 to 
Moreoveir^ sfliactc^e labeling empha* 
sized the quantitativa tnflu^^nos of a small num- 
b«r of flQoleculaa (tbo«a whitcb coatainad jmxky 
0*chAin rapaat onitg). In boUi uf.th« abov»^ 
dmctih^ etperim«n$«, ftn inapectjoi of thA tul^ 
gel profiiaa did ssot iravoa] kubfJa j&SemiKm in 
tha compoMtion^ peak Olin aupematant frag- 
ment and outer membrwa LPS. altbous^ such 
dtffijrences wera augg)9at«d by abb SDS-PAGE 
of th««a p«rp*raUona {Fig, 7). W« oaa dude that 
gupamatant LgSja probably enrichyl in m"gfr- 
cuiea with iQPg 0-^Mina, although the ziuznl^r 



peaks I and IL Whm cetU tabekd mUi radio- 
aoiive galactOM, the distribution of raddOOtiivity 
fleeted theprttMnce of ga^actoM in both n^cort mid 
O chain ntpeai uniu (lajut 4) and was identical ea the 
diatriUition of rodioa^wity found ^ith gaiaao9^- 



•OHH') 9oP. Oft 



J. BaCTCIU l. 



Vou 144, im 



LPS HETKROGEV:£rry 637 



the radioactivity 

fMgKti Q of ra<iio- 
d#dftsin^i peak 
M5ty varied with 
[y becauM of dif- 
f muobrane frag* 
kft but it wais never 

ubrane ajsd au* 
a. Since th amic- 
tot vary «nth the 
uta^ tba extent of 
with N-acetyl' 
dc an Mtimata of 
io aach «iz« cate^ 
Ripcmatant frag- 
whkh w«fv radio- 
icoaamine did not 
icrence in the di»^ 
» paaki S and m 
t was not poa^le 
ixicorporated i^to 
oation of this peak 

and the number 
Thus, we uEsed 
olactoee f r a Kim* 
pproach suggtosted 
were slightly en* 
ioactivity ixKorp^ 
; (peakft I and II) 
S (peak HI). The 
«rae <MluriBteat (in 
iTQAtint fragmente 
)unte in peak I and 
)e*tailed Wilcoion 
)e quantiUtivedif^ 
variable {l.n to 
i UbeliDg empl 
ce of a small 
b contained maii^ 
>th of th« abcv^ 
paction of the tul 
htJe di£rereoc«e! 
laupemetent 
PS, although 
Y alab SDS-PAO: 
. We c ndude 
enriched in 
iiough the nuxa! 



\ af radioactwify/ 
^ in botJi R'^Tore < 
' WCM ideftticfU to d 





2 3 



4 5 



Pic. T SDS-PAGS cof7V>orteo/i ouur mem: 
broJU and tupematoAt LPS. PrtpnratktM from tu» 
Hparotc €XpcnmeniM are ahawrK JLarveB I, 2, amt 3 
contaUusdl ouur m€mbran^9, tdtpemiuahi bUbt, and 
phenal-waieP- extrattgd LPSs rtqHetWffy, from S. ty- 
phmuHum 0-SO graam with rHJgalac^ c$ de- 
scribed in the un; 20/500 tpm of tach prtpcjiUion 

toiuimLLan^4and$cofUcL'i4fdouterm^ 
and at^maioiU IJ*S, re^ctiuitly, from a diffensiU 
ej^rvturu; S9t000 tpm 4if eacft jprtpwotion loOf 
loaded. For fiuorcfvpiry, t/u prtparrd gti watt ecv 
potted te X-na^ film fof 3 weeks. In tack experiment, 
Mtpemaiant LPS appetired mmewhoJt depiified in 
LPS with whort O-ehame end enriched in LPS wUh 
long 0-chainM. 

of moleculaa which accounte for this dififerenee 
15 small 

DISCUSSION 

LPS syntheaia in typhinurium hae bwsn 
inveadgatad intcnaively (22, 24)1, The R-^r» ia 
"^Tidfi PIP membra n ; * by g^gpwye a j ai* 

tiqnpf auyura to ketcxileo3cyoStonAta"bpi t| A /^yn^ 

TSw OlLpkI AAjcore eynthw a: oliaoeac:cWiqe 
peat imita* formed otTCmi polyiaoprenoid lipid 
caniera, ore pdlymsriaed on the iPLner merabrwie 
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PxG^ a. AecHmutadcn of LPS fO-antig^ in ^ui- 
tare mnpemalanu ofS. fiyphimurium 0*$0. Strain G- 
30 ceiU were grown in SO-mi PPBE culturee eontain' 
ing different eoneenttaiione of o -gaUuatoee. The 
gTMOiS condition^, prepansiion cf eupematcmia^ and 
LPS aetay were 00 de^ribed in the text Growth woe 
Mtopped at a ceU density of 5 x JC^ imbk ceUepet mi- 
Each point i* the ai^eiytge of em deteminctione. 
Accumuiation of O antigen in the ouUure eupenux- 
tant woe depend^: ttpon tf-galmitom ooncMtnUion 
oper the range ettidied 



Ta auB L LPS siie dUttribution in outer membrane* 
and aupematani bJkbe of$. typhimuriim Pft ISS" 
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ktOmmI tn eb> test. OvUir RMrmbrm (OM) Aod ■upvnMutit 
iS) fr««tiM ftM pMki of *K Activity «n iuod!*M« «reaMnt» 

f«p«r(flMT}t vim •iti .tiUHl i uiiWd tPt^^- Tb« MHUkts io Mcb 
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TabiA 2. LPS nx€ dUt^ihutioH in outtr m^ttTubrati^ an d aupematand bUbt o/S. t^hinurUuft O*30^ 
Ctpi Sample M _ Toul cpn» 



PMdU I and 12 



1 


e 




1,319 


657 




56.1 












653 


2,451 


72 






CM 


ft 




51.908 


13^415 


514 


5J35 






b 


53,490 




S4J5I 


f53,l 






S 


t 


13,641 


5,340 


15^1 


72.2 








b 


X7.722 


5,490 




73.1 






OM 


ft 






235^ 




9.40 






b 




100.517 


2^,651 


524 


3 


S 


A 






7.W , 


59.0 








b 






U,92S 


^,4 






OM 


ft 


2S,472 


18,156 


43^<537 


58.4 


11-25 






b 


54,776 , . 


40^ 




57.5 




4 


S 


ft 




2,530 




70.0 








b 


6,103 


a, 157 




,?0.0 






OM 


a 


33,«24 


17,596 


fil,7»> 


65.4 


3,95 






b 




1S,500 


49^ 


sa? 




5 


S 


ft 








5».6 








b 


a.fi6i 


2,452 




50.1 






OM 


ft 




;5,5«8 




65,1 


2.75 






b 




17.710 


46.703 


62.1 





' OUc wen kbeled with [lOf aUctove oa dMribod m text For d^UiU, mm Tftbl« 1, fAotzzoc? «. Tlte 
diBtribvtioo oSf 0»unU into peftkft 2 ftod O vanod firoca MXpurinamQt to «x|3enmMtt; for AsinpUcxty, th«Be counta 
wera ftiumuftd ftnd comp«red with the oauniA ia psfti ni. S, SupenuU&t^ 0M« i>ulmx rnvzobnuMi. 
* (Counts p«r minute ^ p««iu I Mnd H/totftJ oounU p«r aoiAuie) X 100. 



into O^hAins. Tnusafer of tha completed O'sid e 
chain to the R^core (the ligaso rMictaon^ » fd^- 
lo wSytyib'abiilo^rtte th» complat^ LPS to 
th^dUC^^&^^^ae. !iY&i3alocatioa it UTtv^^ 
bi5lAit4orD«wh&t ]io»5pecii}c «nc« R*cor« LPS, 
AA weU AS ccmiiieM <0«Ant9l^en«ct]ntamizBg) LPS, 
may be tmomrmi. Once core LPS moldcu ieit 
A re pryant in the miter nwrnpimag, they m A >i 

tl9« 25). Ty M<ayAt>Qn ap|MiAjPA to mvalvA mwa i' 
b»ii ^^ «t4&A wtoflS ot mm^cn 

twe eg the inner mni outer meiabnuacA ( OTT^ 

H5tm»gi&neity ia known to occur At sev^nd of 
the gUjm in S^UmcntUa LPS Ayntham. includ- 
ing polytmemation of 0-chain repeAt units (22, 
:^7), PreviouA worlcm Have Analysed the kogths 
of O'poIyBAcchaiidft chaina by u«ng gel {Utradion 
(9) or methoda (e^., methyUtion^ which deter- 
mine the number of end groupe tit 9 poptdatioo 
of isoktMl piolyAacch«hde tnoleculee (11, 13. 23). 
l^tigatee of the Averft^e g„ ^^n^u-ii^ 
c hain Jength lo a var^ trfy tff ffrftirM Kav^ ^"Wtf* 
fr om 4 (13, 23) to S to 10 U3) repeat uni ta- TtieAe 



methods which re<jiure iaoladian And puzifica- 
tion of the O-polyuiccharide before analyeia, do 
not identify «mali diOeiences in (}-dLAin length 
within a lain^e population of znoteculea In con- 
trsAt, the SOS-PAGE gradient method d^ 
scribed here asparates LPS molecuha differing 
in AB few aa two or thn^e sacrhar^dea (aa obssrvftd 
for S. imiWMraoto H*oore LPS P^. 4A]), and M 
can be uaed to anaJyt^ the^ LPS in A variety of 
startintf materiAlA, label«M3 or unlabeled. .This 
method should be uaefhJ for further stiidy of 
LPS ^yntheai* ux vivo. m& h aUow« acmpie reeo- 
hitioA of LPS moleculea of different tsci^ (2). 
SicailAr concliisionA cooceming LPS atxe heter* 
ogeneil^ have been reached recently by workeztt 
viaing dkcontinuouA (Laemmli) gel Aystezna (7, 
27). Our r«sulta differ from the ^gdulta of then 
inveatkgAton is two ways. First, «re did oot find 
the d oublet benda whSch were my ftent in th e 
diacontSuoufl gg k. These authora consiaered 
AevSnB'expIteaSons for theve doublets, which 
«eemed to diiTer in comjfiositiQO depending vtpon 
conditsons of LPS storage { 7) . Our results sui^. 
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gest that a coroparison at ch« two g 1 ftystonu in 
which the aamm prepArations ve used may h«ip 
Aolvfi thia problem* Second, our gak wera huiU* 
ble for fttaining with periodic Acid^SehifT reagent 
Although thiA method gave poorer resolution 
than AUtoradiogrsphy or fluorogmphy, banda 
were aufSciently distinct to allow itudy of non- 
radioactive preparationa. 

Our aaalyvia mdicates that, under the growth 
conditions uaed in these etperimenu, S'^hi- 

L P9 y th ahoijt 0<haina *ppw to be ay the- 
ai Sdjprafer^ at least w the mutants <t«d' 
ie<L The atriidng aite heterggcceitv waa not an- 
ticipated. Among the possible axplanatloaa are 
(i) ayntheaie of difl«r«Dt 0<hai» length$ at dif- 
fereJOt nhagias of afow tK or in diffemnt regions of 
the cytoplaamic membrane, (ii> nflosfieddvejgp* 
ly merase or Ugyae or bo th and (iii) aynAsiM of 

c^^gire (in). Although ouir data «o not HisOn- 
guUh among these poanbilitiea, we alao found 
size heterogeneity in LPS from a clinical isolate 
of S. iyphimiArium; thua, it ia unlikely that this 
phenometion is limited to the mutanta u»cd for 
the present ezperixn«nta. . 

Several etudiea of outer membrane assembly 
have used antibodies to 0-nntigen to identify 
newly eyntheeited LPS in uridine diphosphate- 
gabctoee-^-epttaerase 'deficient mutanta of /y* 
phimurium (Id, Id), Newly svnthaaiaed LPS ap» 
p eared on bacterial suiMcaa in patcfiS or cTua* 
.:V--"-^"tm~ which were adjacent fco appareni Boaea of 
a dlheston twstweeo inner and outer memprane^ 
Our estimates mentioned above» made by using 
similar stmna, indicate that molecules with lon g 
^-^frina f?nflti;ii*^ ° ";'"* >3iRv outer mem * 
bjEftO&LCS^ Since long'6-chain LPS oHeif hnoxe 
antigenic aitea for antibody binding than ahort- 
0-chain LPS, the obeerved aurface patcbee may 
not indicate bulk LPS tranalocation at these 
sites, but rather translocation ait«s for LPS with 
tong 0*chaina. In any case« theidZiJbfitn&gi!|$ity 
of L PS io outer membrtnee indicates tbat these 
ba cteria o-K^ocate U^b ttol«u» many 
ai aea Bfoaa Inner manbrajaea to outig mem* 
branee. The traaialocatibh medbuuusmCa} thua 
may be multiple or to have little aixa speeifictty. 

There is evidence that oupeinatant blahs arise 
from specific outer mdmhrane aitaa: aaauggeeted 
by Withdt et aL for E, cofc poasible sites of 
orig in ^ for supernatant falebe incluge membrene i 
rendSrfid redun dismt at septum formation 
^^.^llSiSr,), aregfi of mRytybl\^;^^ rf* ficient in m u^ 
rein-lipt^pp^^ln^ sites of inserti on of new 
^SJate^ quter merobranea 17)/Wc antici^ 
p«t^ that the supernatant fragments might be 
enriched in LPS molecules with long C-^aim, 
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ainceth long hydtophiiicpolyaacchahdeo might 
fadLtate the releaae f LPS hotn the out«r 
membrAee into the aqueous environment. We 
comparsd outer membrane atid supernatant 
fragment LPS in two & i^himurum atr&ins. 
The r«eultD of tiiese experimenta are coamatent 
with the conclusion thet aupemaUnt LPS ar e 
probebiy enriched in Iong«6^chgjn LPS, al- 
t hough the aumb« 6^ ' m<ileculce wKc 'E' accounts 
for this difference is smalL It should ebo be 
notAd tbat strains with only core LPS ^ructurm 
ahed membnuae fragments (1). Indeed^ it aeema 
that 8. fyphinmrium may shed membrane frsg- 
menu by more than one mechjuuam (or from 
more than one aite); the eupematant fr^gmenta 
studied here would then be a mixtures of auch 
fragments, and the LPS compoaitiona obtierved 
would reflect the contribution of different com- 
ponents of the mixture. Our attemipta to separate 
such eomponenta deneifey gradieni ultmcen- 
triiugatson were not aucceeirful, however. 

These fizMiipga may be important for an un^ 
deirstsniding of the pathogenesis of infectiooa 
caused by thia bacterium and otlier gram*neg&- 
tive bacterisL Both outer membrane and auper- 
natant m«mbr«ne biebs contain lipid A, the toxic 
moiety of LPS. Since O«polyaaccharides «xt«nd 
from the bacteiial surface into the aurrounding 
environment, the obeerved heterogeneity of O- 
chain lengths auggesta that t he jnirface toacg ra - 
ohv of thaae ceE^ mav he omte im^>Ur «»W i j 
that thft aftfwwihilitv <iaiifi^ ff»p o«ye^ of the | 
lip id A mmti mtHablvdjgew for different smvX /\ | 
^f gj^fljy^ o^ Ifor different c ella. It jg reasonable 
to^expect thac these diSTereSDces may influenre 
the biological activity of LPS by 
hoet'lipid A interactionfl. 

W« Ubttok Leoe Ktdsb tad Emfl GAtMihUc^ im cvavfV&l and 
Witk«l ivv»r>? <rf {h» aumwcnpt and Joee R«M£h tta tt^M^ 

mad TtMVm 3MHb stoirrasly prnvkJ «{aipment 



lodoiating ^ 
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